INTRODUCTION
Polycythemia vera (PV) is a clonal chronic myeloproliferative disease that affects mainly elderly individuals and is characterized by cytokine-independent proliferation of myeloid precursors. This mainly affects the erythroid lineage and leads to excessive accumulation of erythrocytes in peripheral blood. Many patients also present increased circulating granulocytes and platelets. The prevalence of PV in Brazil is not accurately known and there are no published data concerning outcomes among PV patients in our country.
The diagnosis of PV is established by means of strict criteria that allow secondary causes of polycythemia to be ruled out. Formerly, the diagnosis was made by means of the diagnostic criteria established in the late 1960s by the Polycythemia Vera Study Group (PVSG). 1 In 2001, the World Health Organization (WHO) 2 proposed a new set of diagnostic criteria for PV that incorporate the acquired knowledge on the pathological and genetic features of the disease.
The long-term outcomes among PV patients are quite variable. Because of erythrocytosis and thrombocytosis with associated microvascular disturbances and increased blood viscosity, PV patients generally have a predisposition towards arterial and venous thrombosis. These thrombotic complications are the main causes of death and morbidity. 3 There is also a risk of progression to secondary myelofibrosis (sMF) or secondary acute myeloid leukemia (sAML), with little data regarding the predisposing factors involved in the pathogenesis of PV. 4 There are no curative therapies for PV and its treatment has the objective of reducing symptoms and the risk of thrombosis, and avoiding the hematological transformation to sAML. Patients whose peripheral erythrocyte counts are under adequate control have low mortality rates, with 80% of them surviving for more than 12 years. 3, 4 The current available therapies are phlebotomy and myelosuppressive drugs. The use of alkylating agents such as chlorambucil, busulfan and pipobroman, or therapy with radioactive 32 phosphorus can increase the risk of sAML in comparison with phlebotomy alone. 5 The use of the non-alkylating agent hydroxyurea, with or without phlebotomy, can promote good hematological control, and today this is the drug most used for managing PV patients. 6 Increased risk of leukemic transformation was not observed with the use of hydroxyurea in retrospective studies. 4, 7, 8 Additionally, patients who are exclusively treated with phlebotomy have more cardiovascular events than do those treated with myelosuppressive drugs supplemented with phlebotomy. 5 Another drug used for treating PV, particularly among young or pregnant patients, is alpha-interferon (INF). Its use may be accompanied by side effects that are not easily tolerated by many elderly patients. 9 
OBJECTIVE
The aim of this study was to describe the clinical and demographic characteristics of PV patients at diagnosis and analyze their long-term outcomes.
MATERIALS AND METHODS

Patients
All consecutive patients with chronic myeloproliferative disease that fulfilled the WHO diagnostic criteria for PV were eligible for this retrospective study. All these patients were treated in the Hematology Division of Hospital das Clínicas, Faculdade de Medicina da Universidade de São Paulo (HC-FMUSP) between January 1984 and December 2005.
All the data on the patients were reviewed from their medical records.
To establish the diagnosis of PV according to the WHO criteria, the following investigations were carried out on all patients: physical examination, complete blood cell count, bone marrow trephine biopsy, arterial oxygen saturation, serum ferritin levels and hemoglobin electrophoresis. Additional tests, such as sleep studies, pulmonary function tests, peripheral blood or marrow karyotyping and serum erythropoietin analysis were performed as needed. All patients with borderline hemoglobin (Hb) levels according to the WHO criteria, and hematocrit above 52% for males and 48% for females, who had other signs of chronic myeloproliferative disorder (splenomegaly, leukocytosis or thrombocytosis), were evaluated by means of a radionuclide red cell mass test. 10 This had the aims of confirming the diagnosis of PV and ruling out myelofibrosis and essential thrombocythemia.
Clinical, laboratory and demographic characteristics
The following variables were evaluated at diagnosis: age, gender, hemoglobin concentration (Hb), platelet count, white blood cell count and history of cardiovascular complications, i.e. deep vein thrombosis (DVT), pulmonary embolism (PE), acute myocardial infarction (AMI), coronary insufficiency (CI), stroke, transient ischemic attack (TIA) or arterial thrombosis.
The presence of cardiovascular risk factors, i.e. high blood cholesterol levels, presence of diabetes mellitus (DM) or hypertension and smoking habits, and the presence of cytogenetic aberrations, was also evaluated.
The patients were stratified into two risk groups: low risk (age ≤ 60 years and absence of previous thrombosis) and high risk (age > 60 years or previous thrombosis).
Definition of the main outcome events during follow-up  Overall survival (OS) -defined as the time elapsed from the diagnosis of PV until death due to any cause or until loss from follow-up;  Thrombosis-free survival (TFS) -defined as the time elapsed from the diagnosis of PV until the first thrombotic event (DVT, PE, arterial thrombosis, AMI, CI, stroke or TIA);  Leukemia-free survival (LFS) -defined as the time elapsed from diagnosis of PV until diagnosis of sAML. The diagnosis of sAML was defined according to WHO criteria, by the presence of at least 20% blasts in bone marrow or peripheral blood;  Myelofibrosis-free survival (MFS) -defined as the time elapsed from diagnosis of PV until secondary myelofibrosis. Secondary myelofibrosis was defined according to PVSG criteria, by the presence of marrow fibrosis detected by means of bone marrow biopsy and the presence of one of the following characteristics in patients with splenomegaly or four of these in the absence of splenomegaly: anisopoikilocytosis with teardrop erythrocytes, immature myeloid cells in peripheral blood, erythroblasts in peripheral blood, abnormal megakaryocyte clusters in bone marrow, or presence of myeloid metaplasia.
Statistical analysis
Survival was analyzed by the KaplanMeier method, and comparisons were made using the log-rank test. All p values were two-tailed and the alpha error was defined as 5%. The statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 10.0 for Windows (SPSS Inc, Chicago, United States).
RESULTS
Seventy-two patients with PV were identified. Of these, six did not have adequate medical records and were excluded. The remaining 66 patients were evaluated.
The median age of the entire group of patients at diagnosis was 61 years old. Seven patients (10.6%) were less than 40 years old, 23 (34.8%) were between 40 and 60 years old and 36 (54.5%) were more than 60 years old. Thirty-six patients (54.5%) were female. The median Hb value at diagnosis for the whole group of patients was 18.8 mg/dl (range: 12.6 mg/dl to 21.7 mg/dl). For the male patients, Hb was 19.20 mg/dl (range: 13.8 mg/dl to 21.7 mg/dl) and for the female patients it was 17.4 mg/dl (range: 12.6 mg/dl to 21.6 mg/dl). Fifty-two patients (78.8%) had Hb levels above those defined by the WHO criteria. Among the other 14 patients (21.2%), three had low Hb levels due to concomitant iron deficiency that was corrected before a diagnosis was made and 11 had borderline Hb levels (median Hb value of 17.8 mg/dl for males and 16.0 mg/dl for females). All of these 11 patients could be classified as PV because they presented elevated red cell mass. Fifty-one patients (77.2%) had leukocytes counts of more than 12,000/mm 3 . Fifty-two patients (78.8%) had platelet counts of more than 400,000/mm 3 . Twenty-seven patients (40.9%) had a positive history of arterial thrombosis, while five (7.5%) had a positive history of venous thrombosis ( Table 2) .
The patients were stratified into two risk groups in relation to thrombosis. Twenty patients (30.3%) were classified as low risk and 46 (69.7%) as high risk.
Cytogenetic analysis was performed on 29 patients (43.9%). Of these, six (20.7%) had chromosomal abnormalities. The clonal chromosomal abnormalities found were: del6q, +9, add(18)(p11), t(1;11), -15 with -20 and del9. 
Treatment
After the diagnosis was made, all the patients were treated with phlebotomy to achieve a target hematocrit of 45% in males and 43% in females. To lower or do away with the need to keep on repeating the phlebotomy treatment, all of the high-risk patients and most of the low-risk patients were additionally treated with myelosuppressive agents to maintain the target hematocrit level (Table 3 ). Only one patient was treated with phlebotomy alone and three were treated with interferon. Forty-three patients (65.1%) also received low-dose aspirin for at least some part of the follow-up because of the presence of a previous arterial event or for primary prophylaxis of arterial occlusion in cases with thrombocytosis (Table 3 ).
Response to treatment
Hb levels were observed during the follow-up. At diagnosis, the median Hb was 18.8 g/dl, with a progressive fall during the first year of treatment (Figure 1 ). After the first year, the median Hb levels were stable, ranging from 13.0 to 15.5 g/dl (Figure 2 ).
Events during follow-up
The median follow-up for the entire cohort was 77.5 months (95% confidence interval, CI: 53.6 -101.4 months). Thirty-nine patients (59.1%) did not have any event (thrombosis, hemorrhage, sMF, sAML or death). Twenty-two patients (33.3%) had thrombotic events: 15 (22.7%) had arterial thrombotic events and seven (10.6%) had venous thrombotic events. Some patients had more than one thrombotic event during their follow-ups. Only two (3%) progressed to sAML and five (7.5%) to secondary myelofibrosis (Table 4) .
Overall survival (OS)
The median OS was not reached, while the mean OS was 296.6 months (95% CI = 231.9 -361.2 months), with a seven-year OS rate of 77.8% (Figure 3) . The overall mortality rate was 1.9% per patient-year. The only factor associated with survival was age at diagnosis: patients older than 60 years of age had worse survival than did those younger than 60 (Table 5) .
Thrombosis-free survival (TFS)
The median TFS was not reached, while the mean TFS was 245.2 months (95% CI = 183.6 -306.9 months) and the sevenyear TFS rate was 72.3% ( Figure 4) . The overall incidence of thrombosis was 5.5% per patient-year. Univariate analysis showed Months Hb -median that none of the factors analyzed were associated with the presence of a thrombotic event (Table 6 ).
Leukemia-free survival (LFS)
The median LFS was not reached (> 77 months), while the mean LFS was 372.2 months (346.7 -397.8), the seven-year LFS rate was 94.7% and the crude sAML incidence was 0.42% per patient-year. None of the three patients that were treated with the alkylating agent busulfan or another patient treated with radioactive 32 phosphorus progressed to acute leukemia during the follow-up.
Myelofibrosis-free survival (MFS)
The median MFS was not reached (> 77 months), while the mean MFS was 293.1 months (216.4 -369.8), the seven-year MFS rate was 75.2% and the pooled sMF incidence was 1.06% per patient-year.
DISCUSSION
The incidence of PV in the United States and Europe ranges from 5 to 26 per million habitants. However, the incidence of PV in Brazil is unknown. The male-to-female (M:F) ratio of 1:1 observed in our center is similar to that found in trials carried out in other countries. In addition, the median age at diagnosis in our population (61 years) was similar to the median of 65.4 years found in the European study, which included more than 1600 patients.
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Among the other risk factors, there were no significant differences between the European and Brazilian patients. Marchioli et al. 11 observed a previous arterial thrombotic event in 38.6% of their patients and a venous thrombotic event in 13.7%. In the present study, 40.9% and 7.5% of our patients had a previous history of arterial and venous thrombotic events, respectively.
The hemoglobin levels in our patients at diagnosis ranged from 12.6 mg/dl to 21.7 mg/dl. Some patients had Hb levels lower than those defined by the WHO criteria for diagnosing PV, but they presented elevated red cell mass that confirmed the absolute erythrocytosis and enabled the diagnosis of PV. This could be explained by the detection of iron deficiency in some patients, which was corrected later on, or elevated plasma volume, which can artificially decrease the hemoglobin concentration. We agree with the observations of Green et al. 12 that the Hb levels included in the WHO criteria are not always precisely related to absolute erythrocytosis. We also believe that if only the WHO criteria are going to be used in a suspicious case with a borderline Hb level, a therapeutic trial with iron supplements or measurement of the red cell mass may be warranted, in order to make an accurate diagnosis. On the other hand, the use of trephine bone marrow biopsy, serum erythropoietin, cytogenetic and molecular analysis, which are all included in the WHO criteria, can help in diagnosing PV and differentiating it from other causes of secondary erythrocytosis with a high degree of certainty.
Approximately 20% of our patients who had conventional cytogenetic analysis presented genetic abnormalities, according to published criteria. 13 Most of our patients were treated with phlebotomy together with hydroxyurea, while three were treated with busulfan and only one with radioactive 32 phosphorus. This can be explained by the fact that most of them were diagnosed with PV relatively recently, i.e. since the 1980s. Since that time, the increased risk of sAML caused by the use of alkylating agents has become well known, as have the benefits of using hydroxyurea. The latter can safely reduce erythrocyte counts and thrombosis risks, in comparison with phlebotomy alone. This widespread use of hydroxyurea was perhaps the reason why we found extremely low incidence of sAML. Concerning the evolution to myelofibrosis, some studies from other countries have shown sMF rates of about 10 to 30% over 10 years of cohort follow-up. 14, 15 Since treatment with hydroxyurea has not been shown to reduce the sMF rate, its occurrence in only five of our patients is probably a reflection of our stringent definition of sMF, since the detection of SMF was based on nonstandardized criteria in the trials performed before 2001. 14, 15 Treatment with hydroxyurea and phlebotomy gave rise to good hematological control in our population. The Hb levels were brought under control within the first three months of therapy, with Hb levels ranging from 13.0 to 15.5 g/dl. After the first year of follow-up, the Hb levels remained stable, ranging from 14.0 to 15.0 g/dl. In addition to hematological control, long survival time was seen in this particular cohort, although we were able to observe an association between age over 60 and higher risk of death, similar to previous descriptions by other authors 4, 11, 16 and as expected in the general population. None of the other known risk factors analyzed were associated with worse overall survival or thrombosis-free survival, in contrast with previous reports. 4, 8, 15 This may have been due to our small sample size. 
